In the earlier papers of this series (Davidson & Waymouth, 1943 an account has been given of the conditions under which it is possible to record an increase in the nucleic acid content of chick-heart fibroblasts growing in vitro. Using the roller-tube technique of Willmer (1942) , appreciable increases in the total nucleic acid phosphorus (NPP) of the fibroblasts have been obtained when the cultures were planted in fowl plasma and allowed to grow in chick-embryo extract. Defatted chickembryo extract and fowl plasma, either together or separately, produced smaller increases in nucleic acids measured over 48 hr. periods, and led to a more rapid deterioration of the cultures (Davidson & Waymouth, 1946) . Loss. of nucleic acid was shown to occur over the 2 days following planting, and was greater for cultures in Tyrode solution than for those in embryo extract. However, the increase following addition of embryo extract to the cultures in Tyrode was as great 2 days later as in the case of cultures provided with embryo extract throughout. As a rule increases in NPP were greater for higher than for lower concentrations of embryo extract.
Schmidt & Thannhauser in 1945 published their method for determiniing the amounts of ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) in tissues (Schmidt & Thannhauser, 1945) . This method has been adapted for estimating the phosphorus content of each acid after separation, and it has been possible to follow changes in these two com- ponents in the fibroblast cultures, and to investigate the relationship between growth and the total nucleic acid phosphorus (NPP), the ribonucleic acid phosphorus (RNAP) and the deoxyribonucleic acid phosphorus (DNAP). Although Willmer (1942) and Cunningham & Kirk (1942) proposed that growth in tissue cultures could be measured by determining the NPP content of cultures at different stages of development, they did so before it had become clear that there were two types of nucleic acids in each cell, the more abundant one usually being the ribonucleic acid of the cytoplasm and nucleolus, the other, the deoxyribonucleic acid, being apparently always confined to the nucleus.
In the tissue-culture technique which we have employed, it is possible to select a basal starting level of NPP according to the number and size of the cultures employed. From the time when growthpromoting medium is added to the cultures, changes in the amounts of phosphorus from both types of nucleic acids can be measured at varying intervals oftime. Since the tissues are in a resting state before addition of growth-promoting medium, and the production of new tissue is in abeyance, it is reasonable to suppose that if one nucleic acid is the precursor of the other, then it will be the first to appear in the growing cultures. In this work we have been able to show that an increase in the RNAP always precedes by relatively long intervals any increase in DNAP.
If the assumption that the P content of the nucleic acids is invariable is justified (as has been questioned; Wiame, 1946) , the synthesis of RNA appears to be established before that of DNA. Our observations on the changes occurring in both the RNAP and the DNAP during growth of fresh embryo-heart cultures have confirmed the general findings of Brues, Rathbun & Cohn (1944) and have enabled us to find satisfactory conditions for growth with the roller-tube method. Although with our original technique an increase in RNAP could always be obtained in growth-promoting media, a sustained and substantial rise in DNAP only occurred when the modification was introduced of cutting the individual explants small enough to reduce to a minimum loss of material by cell destruction at the centre.
METHODS
Fresh explants of 12-day chick-embryo heart were grown in plasma clot in roller tubes (Willmer, 1942) , the technique which has been employed in the earlier experiments of this series (Davidson & Waymouth, 1943 . Each roller tube contained 24 pieces oftissue in three rows ofeight and embedded in clots of 0-1 or 0 05 ml. plasma per row according to the size of cultures employed. The growthpromoting medium was either embryo extract alone or a mixture of embryo extract and serum. In each case 0.5 ml.
was allocated to each roller tube, and in experiments running over long periods, the fluid phase was renewed every 24 hr.
Preliminary experiments showed that in control cultures in Tyrode solution the RNAP and DNAP fell to a steady level, which we have termed the resting state. In all the subsequent tests, the cultures were maintained for at least 20 hr. in Tyrode solution before the addition of growth-promoting medium.
Preparation of growth-promoting media. Embryo extract (EE) was prepared from 12-day chick embryos by the method already described (Davidson & Waymouth, 1943) (total N, 50-90 mg./100 ml.). In the preparation of the embryo extract-serum mixture (EES), 4 ml. of the original concentrated extract and 2 ml. of cockerel serum were diluted to 10 ml. with Tyrode solution (final N concentration c. 60 mg./100 ml.). Owing to the variations in plasma composition and in the concentration of embryo extracts prepared in the course ofdifferent experiments, comparisons of results are only made under the fairly uniform conditions of one particular experiment.
Estimation of RNAP and DNAP in the tis8ues. The two nucleic acid fractions were separated by the method of Schmidt & Thannhauser (1945) , and the P content of each determined by the method of Berenblum & Chain -(1938) as modified by Davidson & Waymouth (1943) . It was possible to detect changes in the amount of P of the order of 0-1 pg.
over the range of 0-1-8 0 Ag. P, and determinations were carried out on the contents of one or two roller tubes according to the amount of tissue and plasma employed in the particular experiment.
The methods of extraction and separation of the nucleic acids were the same in every case. The fluid phase was discarded and the tube washed out with a small volume of0*9 % saline. Two ml. of ice-cold 10% (w/v) trichloroacetic acid (TCA) were added to each tube, and the tissues and plasma scraped off the sides of the tube. The contents were transferred to 15 ml. graduated pyrex tubes, and centrifuged rapidly. The roller tube was washed out and the tissue extracted twice more with 2 ml. portions of TCA, the whole operation being carried out within 20 min. to avoid any loss ofnucleic acid by hydrolysis; in this way, only acid-soluble P was removed by the TCA treatment. Extraction of the lipid P was completed in a series of extractions using 80 % and absolute ethanol, two treatments with chloroform-ethanol (1: 3) mixture at 70-80°, and finally ether. In most cases the extracts were discarded after centrifuging, and only in a few experiments were acid-soluble and lipid P determined. The P in the dry powder resides mainly in the nucleic acids, since the amount of phosphoprotein in this tissue has been shown to be negligible.
For the separation of RNAP and DNAP, the residue was incubated at 370 overnight in the centrifuge tube with 1 ml. ofsilica-free N-NaOH, and the unhydrolyzed DNA separated from the hydrolyzed RNA by addition of 1-5 ml. distilled water, 0 5 ml. 2 5N-HCI, and 0-6 ml. of 30% (w/v) TCA.
The DNA-containing precipitate was spun down by centrifuging rapidly for 15-20 min.; the supernatant liquid (the RNA fraction) was transferred to a short, wide-necked, pyrex boiling tube. The precipitate was washed twice with 0.5 ml. portions of 5% TCA, which were added to the supernatant fluid. After adding 0 3 ml. 60% (w/w) HC104, the solution was evaporated at 1000, before transferring to an air bath in which complete oxidation of the tissue was carried out at a temperature of about 2200. The precipitate containing the DNA was oxidized in the same way with 0-2 ml. of HC104. P was now estimated in both sets of materials, the results being corrected for reagent blanks, which were determined for each experiment.
Method 
RESULTS
The earlier work (Davidson & Waymouth, 1943 has shown that fresh chick-heart cultures lose an appreciable amount of their nucleic acid P (NPP) when they are maintained in Tyrode solution for 2 or 3 days after planting. This fall in total NPP was steep over the first 24 hr. and more gradual over later periods. It also occurredwhen the cultures were maintained in embryo extract from the start, but in this case the drop in NPP content was not so large.
In the present work the changes which occur in the RNAP and DNAP contents ofthe cultures under the conditions described above have been investigated. Immediately after planting, the ratio RNAP/DNAP was found to lie between 2-2 and 2*8. (Fig. 1) . Since the loss involved both nucleic acids in the ratio of their occurrence in fresh tissue, it could be assumed to arise from the breakdown and washing out of cells damaged in the process of cutting the heart tissue.
The simultaneous fall in the RNAP and DNAP also occurred if embryo extract was used instead of Tyrode solution in the period immediately following planting. That it was not so great as the fall occurring in Tyrode solution can be seen in Fig. 1 original chick heart (15 j,g. P/100 mg.) (Davidson & Leslie, 1948) A visible increase in the area of the cultures was observed in the first 24 hr. in contact with the growth-promoting medium (as shown in P1. 1). In Fig. 3 the DNAP to show any significant increase was perplexing at the time, in view of increases in RNAP and in the area of the cultures. In Fig. 4 are shown the results of a test on the changes occurring in the third 12 hr. period. There was an unusually large fall in DNAP in the first 24 hr. Visible increase in area, continued, however, in the next 12 hr. and the RNAP increased, although there was little change in DNAP. Again, regular fluctuations in RNAP were in evidence following the addition of growth-promoting medium. As similar patterns of RNAP changes were obtained in other tests they cannot be dismised as random variations (see Fig. 5 ). On the other hand, it is difficult to understand their significance, and it can only be recorded that the RNAP did not increase evenly over certain periods of growth. Fig. 5 the initial drop in both fractions which occurred when the cultures were maintained in Tyrode solution for 2 days is again shown. In this test the changes over the first 24 hr. were not irregular; the RNAP increased significantly, and there was a very slight rise in DNAP. The fluctuations following the second addition of EES showed the same features as before, with the rise in DNAP occurring in the later part of the first 12 hr. period. Although small, these DNAP rises are considered significant, since the corresponding plasma-blank increases were very low or negligible in comparison with the increases in the DNAP of the tissues. At the end of 48 hr. growth, the RNAP had increased 87 % over its initial resting value, while the DNAP had increased by only 18 %. By this time the cultures were very extensive (P1. 1 C), and the rise in DNAP was, therefore, surprisingly small. The ratio RNAP/DNAP rose over the same time from 2-5 at the resting level to 3*8 after growth.
This increasing ratio, associated with a failure of the DNAP to show an appreciable increase, is a feature of another test, in which measurements were made over a 58 hr. period (Fig. 6 ). In this case, the RNAP increased by 166 % as compared with a 16 % increase in DNAP, or, expressed in terms of the ratio RNAP/DNAP, there was a rise from 2-2 to 4-6. Fig. 7 shows the results of the determination of acidsoluble and lipid P which were made in the course ofa test described above (Fig. 5) . As the acid-soluble P in the plasma blanks was higher than in the tissue tubes it was not possible to plot the corrected figures as in the case ofRNAP and DNAP contents. Instead the values for tissue tubes and plasma blanks were both drawn on the same graph. The amounts of acid-soluble and lipid P increased in the tissues during growth of the cultures, but only the latter could be considered to increase in the tissue itself. Apparently, the acid-soluble P of the extract and plasma fell considerably in the tissue tubes during the same period.
Inhibition of growth offibroblasts by colchicine Colchicine in concentrations of 1 in 20-30 million has been shown to arrest mitosis in growing tissues in vitro (cf. Bucher, 1940) . This provided us with a means of confirming that increases in RNAP and DNAP in the presence of growth-promoting media were due to synthetic processes associated with the growth of new tissue.
The results ofa typical experiment with colchicine are seen in Fig. 8 . The EES was divided into two 8 ml. portions. To one was added 1 ml. of a sterile Tyrode solution containing colchicine (1 in 400,000). The volume was made up to 10 ml. with Tyrode solution. The 8 ml. of EES for the control experiments were similarly diluted with Tyrode.
At the start of this test the majority of the roller tubes received the normal EES, and the remainder contained EES with colchicine (1 in 4,000,000). In the latter both the RNAP and DNAP values showed a distinct fall from the resting values at the end of 48 hr. There was, moreover, no visible sign ofgrowth. In the others maintained in normal EES, good growth was observed, and the RNAP increased appreciably. When normal EES was replaced at the end of 24 hr. by EES containing colchicine the RNAP and DNAP again fell during the next 24 hr. and no further extension of area was observed.
The lower RNAP and DNAP of the cultures maintained in extract plus colchicine confirms that synthesis of these compounds is taking place in the presence of normal EES. In the case of the DNAP this is true even when no actual increase is observed in the growing cultures.
Changes in RNAP and DNAP over long periods of growth
In view of our failure over relatively short periods to obtain a rise in DNAP, commensurate with the rise in RNAP or the increase in area of the cultures, changes in RNAP and DNAP were followed over a period of 6-7 days. As in the earlier tests there was some indication that the rise in RNAP always precedes a rise in DNAP, it was thought at the outset that increases in DNAP might be greater at a later stage of development.
In the course of these tests of longer duration the EES had to be changed six or seven times, and care was taken to eliminate any sediment from the extract by centrifuging immediately before inserting each new portion of medium. If this was not done, the tubes were likely to become coated with precipitate, and the blanks to become unusually large. Fig. 9 shows the typical results obtained in a test of this nature, and in P1. 1 are photomicrographs showing the visible changes in the cultures. At the end of 120 hr., the cultures had spread to the limits of the plasma, and adjacent cultures were growing into one another. The central portions, which originally contained a kernel of compact heart tissue, were diffuse so that the core of each culture was translucent, and much larger than at the start. These visible changes were accompanied by a threefold rise in RNAP, but once more there was hardly any increase in DNAP. The latter certainly rose slightly over 72-96 hr., but later when the diffusion of the original kernel of tissue was most noticeable, the DNAP fell. This behaviour was again reflected in the RNAP/DNAP ratio, which increases from 2-2 to 5-8. In these two tests, as in the others already described, the explants were cut relatively large and each roller tube was calculated to contain 10-11 mg. of fresh heart tissue at the start of the growth period. Under such conditions it has been confirmed that the rise in RNAP is of the order of 250-300%, while the DNAP only rises in the early stages, at the most 25 % above the initial resting values. This rise in DNAP is temporary and is followed after 96 hr. by a fall in spite of the continued high RNAP values which are found during the same period.
Effect of the size of cultures on their RNAP and DNAP changes during growth A feature common to all the results so far described was our failure to obtain an appreciable and permanent increase in DNAP even in circumstances where growth of the cultures was apparently good. There seemed to be some link between the thinning out of the central portions of the cultures, and the tendency of the DNAP to fall while this was occurring. Such a fall in DNAP could be explained on the assumption that any increase in DNAP, by the production. of new cells, was exceeded by its loss resulting from necrosis of the centre of the explants. This would occur when the tissue pieces were large enough to prevent the cells in the centre from receiving an adequate supply of metabolites from the nutrient, or from getting rid of the waste products of their resting metabolism. It was also possible that the amount of growth-promoting medium (0.5 ml. was the maximum which could be used in our roller tubes) was insufficient to provide for the continued existence of the relatively large cultures which we employed. Support for these interpretations was available in the observations of Brues et al. (1944) on the growth of cultures of minced chick-embryo muscle in a peptone medium deficient in some of the factors thought to be necessary for growth. They showed that an uptake of P from the medium could be used to measure growth in cultures of chick muscle, and found that, in a peptone medium insufficient for tissue synthesis, cultures continued to grow at the periphery while losing weight by necrosis of the central portions. In tests using a medium fully adequate for growth, the cultures increased their P content until central necrosis balanced out or slightly exceeded growth at the periphery.
Our technique was accordingly modified with the object of reducing the initial size and weight of the tissue cultures to a minimum. This involved cutting the heart tissue into very small pieces, and planting them in rows of eight in 0.05 ml. of plasma, instead of 0 1 ml. as used previously. With this modified technique substantial increases in the amounts of both RNAP and DNAP have been obtained. In Fig. 11 U8e of embryo extract (EE) as a growth-promoting medium All the tests so far described have with one exception been carried out with EES as the growthpromoting medium. The preliminary tests, on which the decision to use this mixture had been based, had Tests were run for longer periods in order to find the maximal values to which the RNAP and DNAP could rise under our experimental conditions. The results are shown in Fig. 12 never shown an increase in DNAP. They had only shown that in certain circumstances large increases in RNAP were obtained when the medium was EES.
It was necessary, therefore, to repeat the comparison of the two media using the modified technique.
In two tests in which EE was compared with EES of closely similar N content, there was an indication that EE was just as good a growth promoter as EES, but these results were not considered conclusive. Other tests, however, have shown clearly that EE alone is fully adequate as a growth-promoting medium. Fairly concentrated extracts with an N content of about 80 mg./100 ml. of extract have been used. As before, 0-5 ml. was allocated to each roller tube, and the EE removed every 24 hr.
In one such test, the results of which are given in Fig. 13 , good growth occurred over a period of 96 hr.
This was seen to be accompanied by a 155 % rise in DNAP and a 375 % rise in RNAP, comparing favourably with the corresponding increases of 160 and 355% in a test in which EES was used (Fig. 11) . It is concluded that EE alone as fluid phase is sufficient to supply all the necessary materials for growth of fibroblasts in vitro.
DISCUSSION
In analyzing the changes in RNAP and DNAP which occur in fresh explants growing in vitro, it is necessary to bear in mind that growth is not a simple process .of multiplying cells, but a complex one in which the biosynthesis of cells at one point is accompanied by the breakdown of cells at another. Consequently any increases in either or both of the nucleic acids will be in proportion to new tissue synthesized in excess oftissue lost by the destruction of cells elsewhere.
In tests comparing the effects of embryo extract and Tyrode solution on the RNAP and DNAP content in the period immediately following planting, the fall in both, which leaves the RNAP/DNAP ratio unchanged, suggests that an intensive breakdown of damaged tissue is taking place. Within 20 hr. the cultures in Tyrode solution have reached their resting level, and subsequently the RNAP and DNAP will only fall slightly if at all. Embryo extract reduces the fall, but does not prevent it occurring; and, although the cultures increase in area in this period, it is evident that the breakdown of cells must greatly exceed the synthesis of new tissue. In the second 20 hr., the position is apparently reversed in both sets of cultures for the RNAP increases appreciably, while the DNAP increases slightly or remains unaltered.
The growing of fresh explants in vitro also involves the selective multiplication of one of the cell types, in this case the fibroblast of the connective tissue, affecting principally the ratio of RNAP to DNAP.
In recent years a number of workers (Davidson & Waymouth, 1944a, b; Schmidt & Thannhauser, 1945; Schneider, 1946) have shown that each tissue has its own particular content and ratio of RNA and DNA. These values will alter for any tissue according to its stage of development. For example, there is a progressive fall in RNA, so that its concentration is appreciably lower in adult resting tissues than in developing tissues where a more intensive synthesis of protein is taking place (cf. Caspersson, 1947; Davidson & Waymouth, 1944a, b; Davidson & Leslie, 1948) . Tissues, such as pancreas and liver, which are actively engaged in the synthesis of protein in the organism, also have RNAP/DNAP ratios considerably higher than the ratios found in other body tissues (Davidson, 1947) . Thorell (1947 a) has shown that the concentration of ribonucleic acid in haemopoietic cells falls from a value of 5 % in the cytoplasm and nucleolar apparatus of the early cells to less than 0-5% in the mature cells. It would appear that this again involves a considerable drop in the RNA/DNA ratio from the exceptionally high values of the actively dividing cells. For 12-day chick-embryo hearts a RNAP/DNAP ratio of between 2-5 and 3-0 has been confirmed (Davidson & Leslie, 1948) . In the tissue cultures at the time of planting the ratio lies between 2-2 and 2-5, which may indicate a fall in RNAP perhaps due to washing out of ribonucleoprotein by the saline in which the tissue is immersed for cutting. There are, however, no precise figures for the nucleic acid content of connective tissue, nor have we any informatiqn about the RNAP/DNAP ratio in the actively dividing cells, except that it is likely to be appreciably greater than in the corresponding resting cell. Interpretations of our results in growing cultures have, therefore, to take into account changed RNAP/DNAP ratios produced by the increasing predominance of the fibroblasts, some of which are actively synthesizing protein during the process of division.
In all the tests in which relatively large pieces of tissue were used as explants, any increases in DNAP are small in comparison to the RNAP increases, and of a temporary character (Figs. 2-10 ). When the DNAP does rise about 20 % above its resting level it is usually after 48-72 hr. of growth; in later stages, it shows a tendency to fall slightly. At the peak of the DNAP curve, the RNAP is usually double its resting value, and the cultures appear to have grown considerably. The RNAP continues to rise until 120 hr., and thereafter remains unchanged, even though the cultures alter in appearance and the DNAP shows a fall. Over this period the thinning out of the central portions, and the falling DNAP content in conjunction with the high RNAP, suggests that the loss of material is slightly greater than the gain from the continuing production of cells. The cultures have evidently reached the maximal size which can be sustained under these particular conditions of growth.
The final RNAP/DNAP ratio in all these tests with relatively large cultures lies between 5 and 6 a considerable increase over the resting ratio of 14 I949 about 2-2. These high values must represent a mean for the cultures, since all the cells are not likely to be dividing and carrying out protein synthesis with its associated high RNAP content. Consequently cells in the process of division may have a higher value for the ratio and resting cells a much lower ratio.
After our failure in these tests to obtain a substantial rise in DNAP, the possibility remained that growth of explants from chick-embryo heart involved the replacement of the original cells by new ones with a higher RNAP and a much lower DNAP content. This process could quite well have contributed to the results we obtained.
The relative importance of these different processes has been largely settled by the tests in which visible growth was accompanied by substantial increases in both RNAP and DNAP. Clearly, reducing the initial size of the cultures produces the conditions under which an increase of DNAP can be recorded, and although this is about half the corresponding increase in the RNAP, it does not follow that the content of DNAP per nucleus is also half the original. It is likely to be closer to its original value in view of the exceptionally high RNAP concentrations found in actively dividing cells (Thorell, 1947a, b) .
When suitably small explants are used, the RNAP rises five times above its initial value in 96 or 120 hr. This compares favourably with the two-to three-fold increase obtained in similar tests with larger cultures, and confirms the view that in the latter a loss of tissue at one point accQmpanies the increase of cells elsewhere. With the small pieces, once the maximum RNAP level has been reached, there is no tendency for it to fall.
Between 96 and 144 hr. the DNAP has increased to twice or more than twice its initial content, and, like the RNAP, remains at this new level when growth apparently stops. This behaviour of both RNAP and DNAP suggests that the cultures grow to a limiting size, determined by the environmental needs of the cells. The outer limits of the cultures are set by the boundaries of the plasma clot, and their proximity to one another. The core of each culture will not increase in extent once further growth prevents the proper nutrition of the cells in the centre.
It seems highly significant that, in all the tests in which growth has been studied over long periods, the final RNAP/DNAP ratio lies between 5 and 6. For the tests with small pieces the ratio is less variable and lies between 5-0 and 5-5. This confirms the view that the tissue cultures develop to an equilibrium state in which new cells are being produced at the same rate as others are being destroyed. It can also be said that the ratio of RNAP/DNAP in actively dividing fibroblasts is at least 5, and very probably greater than 5. Since this ratio is obtained while both RNAP and DNAP are increasing, and still below their maximal values (Fig. 11) , there can be no further selective multiplication of cells in this active growth phase, as this would involve a changing ratio as the dominant type of cell increased in number.
Another feature of interest in all our tests is the observation that the RNAP invariably rises appreciably for some time before there is any significant increase in DNAP. There are two possible explanations for these results. One seems likely to apply to the tests of short duration, in which changes were followed at 2-hourly intervals (Figs. 2-5 ). In these RNAP rises even when there is no visible sign of growth and no change, or a fall, in DNAP (e.g. Fig. 2 ). This behaviour strongly suggests that a synthesis of RNAP is occurring before additional DNAP is being produced by the appearance of new nuclei. As growth proceeds over longer periods another factor may come into play; it is possible that the new fibroblasts have a lower DNAP content than the average of 15 ,ug./100 mg. fresh wt. found in the original tissue. As a result, the RNAP could increase appreciably for some time, while the DNAP remained unchanged or even showed a slight fall. Such a process could quite well be occurring in tests of the type shown in Figs. 11 (Brachet, 1933 (Brachet, , 1937 Cohen (1947) has shown that DNA is in fact synthesized in the absence of significant tumnover of RNAP.
Our evidence of increased RNAP before there is any production of cells, or change in DNAP, supports the view that cells in the process of division synthesize RNA and protein first of all, the synthesis of DNA following later (Brachet, 1945; Painter, 1945) . This does not necessarily conflict with the views of Caspersson and coworkers (e.g. Caspersson, 1947; Thorell, 1947a, b) , who emphasize a different aspect of the process. Their evidence points to the nucleolus-associated chromatin (containing DNA) as the initiator ofthe synthesis of ribose polynucleotides (or RNA) and the associated proteins abundant in diamino-acids. These synthetic processes start at the nucleolus, and spread outwards to the nuclear membrane, and to the cytoplasm. These results imply a primary synthesis of RNA by the cell as a means of increasing its protein content before its actual division occurs. There is as yet no clear indication that an increase in DNA comes first, although the evidence of Cohen (1947) and of Schmidt et al. (1948) mentioned earlier can be interpreted in the particular cases considered as favouring the independent synthesis of DNA from components not derived from RNA.
The fluctuations of RNAP only seem to occur in the period which immediately follows the addition of growth-promoting medium. It is also evident that this is the time during which RNAP is increasing most rapidly, for in the later part of the 24 hr. period there is a definite fall in the rate at which it rises (Figs. 3 and 6 ). This suggests that in response to the stimulus of fresh growth-promoting medium, there is an initial intense synthesis of RNA, which slows down prior to a rise in DNA (Figs. 2, 4 and 6 ). However, it is difficult to account for the sharp fall in RNAP which was a regular occurrence and a feature of all the tests of this nature.
There are insufficient data on the changes in acidsoluble and lipid P to support any conclusions about their significance. The results of the test described earlier, however, suggest that the acid-soluble P in the extract and plasma is utilized during the period when increases in RNAP and lipid P are found in the growing tissues.
The experiments in which colchicine was added to the growth-promoting medium have clearly confirmed that we are measuring increases in both RNA and DNA as a result oftheir synthesis from materials present in the growth-promoting media. As there is a fall in both RNAP and DNAP with colchicine present, the increases with EES alone probably mask a simultaneous loss of material by the destruction of cells (Fig. 8) .
Although embryo extract-serum mixture (EES) has been used for most of the tests, there is no reason to believe that different results would have been found with embryo extract alone. Once substantial increases in both RNA and DNA are obtained by the use of very small cultures, both EE and EES are equally good in producing this effect. SUMMARY 1. Changes in ribonucleic acid phosphorus (RNAP) and in deoxyribonucleic acid phosphorus (DNAP) have been followed in chick-heart fibroblast cultures growing in roller tubes in vitro, and a study made ofthe conditions under which increases in both components can be obtained. By renewing the fluid phase with embryo extract (EE) or embryo extractserum mixture (EES) every 24 hr., it has been possible to run tests ofvarying duration up to 7 days.
2. When relatively large explants were used (fresh weight of 24 pieces oftissues estimated as 10-15 mg.) only the RNAP content increased appreciably while visible growth was occurring. Over longer periods there was a relatively small and temporary increase in DNAP, although the RNAP continued to rise until it reached a steady level. In these tests the RNAP/DNAP ratio rose from initial values of 2-2-2-5 to final values between 5-0 and 6-0.
3. Appreciable and sustained increases in both RNAP and DNAP have been obtained when the cultures were grown from much smaller explants (fresh weight of 24 pieces of tissue estimated at 2 mg. 
